Seven experiments were conducted with 280 crossbred pigs to investigate the effect of excess choline on rate and efficiency of gain of weanling, growing and finishing swine. Choline additions were made to a conventional corn-soybean meal diet. Daily gain of weanling pigs was reduced slightly by 6,000 ppm excess choline compared with O, 500, 1,000, 2,000 or 4,000 ppm excess choline. Excess supplemental choline (2,000 ppm) fed throughout' the weanling, growing and finishing (121 to 126 d) phases of growth reduced (P<.08) daily gain, but it did not affect (P>. 10) feed utilization. The 2,000-ppm choline addition, however, did not affect (P>.IO) pig gain when fed only during the growing and finishing stages of growth (68 to 86 d). Excess choline should be avoided in swine diets if maximum rate of gain is to be achieved. (Key Words: Pigs, Choline, Growth, Efficiency.)
I ntroduction
The use of supplemental choline in swine diets is a routine practice supported by the finding that conventional corn-soybean meal diets lack adequate choline for maximum reproductive performance (Kornegay and Meacham, 1973; Stockland and Blaylock, 1974; NCR-42 Committee on Swine Nutrition, 1976). Reproducing swine require 1,250 mg choline per kg diet, which is 1.4 to 3.1 times greater than the choline requirement for growing swine (NRC, 1979) . The choline requirement of the latter was based primarily on the early work of Johnson and James (1948) and Neumann et al. (1949) . More recent research (Russett et al., 1979; NCR-42 Committee on Swine Nutrition, 1980) indicates that the choline requirement for growing swine is considerably less than the current NRC (1979) recommendation, and that supplemental choline may not be necessary in conventional corn-soybean meal diets. Therefore, the difference between the choline requirement of reproducing swine and that of weanling, growing and finishing swine may be considerably greater than the aforementioned 1.4 to 3.1.
Compared with all other vitamins, the dietary requirement for choline in swine is extremely high. Nonetheless, choline levels only slightly above the requirement have been shown to reduce rate and efficiency of gain. Ferrin (1946) reported that 1,000 ppm supplemental choline chloride (868 ppm choline) depressed pig gain and feed consumption. Similarly, Neumann et al. (1949) observed a depression in pig growth from 2,000 ppm supplemental choline compared with 500 and 1,000 ppm. More recently, Derilo and Balnave (1980) reported a reduced gain and efficiency in young broiler chicks fed a level of choline only slightly in excess of the requirement.
The purpose of this investigation was to assess the effect of excess dietary choline for weanling, growing and finishing swine. Gain and efficiency of gain were criteria used to evaluate this response. A randomized complete-block design was used in each experiment; pigs were allotted to treatments on the basis of ancestry and weight with each sex equally represented across treatments. Each experimental diet was fed to four replicates of four pigs each in Exp. 1 and 2, to four replicates of three pigs each in Exp. 3 and 4, to three replicates of four pigs each in Exp. 6 and to four replicates of five pigs each in Exp. 5 and 7. Average initial weight of the pigs was 13. 1, 15.3, 10.6, 10.6, 14.1, 41 .0 and 31.5 kg in Exp. 1 through 7, respectively. Prior to the initiation of each experiment, pigs were allowed a 5-to 8-d adjustment period after allotment to treatments. Experimental diets and water were provided ad libitum.
Basal Diet. The basal diets used (table 1) in this investigation were formulated to meet the nutrient requirements of weanling, growing and finishing swine (NRC, 1979) . The 18% crude protein (CP) diet was fed during Exp. 1, 2 and 3, and during the first 28 d of Exp. 4 and 5. Following the 28-d weanling period, pigs in Exp. 4 and 5 were switched to the 16% CP basal diet; pigs in Exp. 6 and 7 were initiated on the 16% CP diet. When switched to the 14% CP diet, average pig weights were 52.8, 64.0, 57.6 and 58.6 kg for Exp. 4 through 7, respectively. Choline levels in each of the basal diets are indicated in table 1. Choline in 44% CP soybean meal and corn were assumed to have availabilities of 60% (Molitoris and Baker, 1976) and 100%, respectively. Excess supplemental choline was provided by choline chloride (50%).
Experimental Protocol. Experiments 1, 2 and 3 were designed to assess the effect of excess supplemental choline on rate and efficiency of gain of weanling swine. Four levels of excess supplemental choline (0, 500, 1,000 and 2,000 ppm in Exp. 1 and 2; and O, 2,000, 4,000 and 6,000 ppm in Exp. 3) were added to the 18% CP basal diet and fed for 28 d. Experiments 4 through 7 were designed to determine whether long-term consumption of 2,000 ppm excess supplemental choline would adversely affect pig growth and feed efficiency. Experiments 4 and 5 were conducted during the weanling, growing and finishing phases of production and the experimental periods were 126 and 121 d, respectively. Experiments 6 and 7 were conducted CCalculated on the basis of the following: corn contains 440 ppm choline with 100% availability, soybean meal contains 2,743 ppm choline with 60% availability (Molitoris and Baker, 1976) (Steel and Torrie, 1980) . Orthogonal single-degree-offreedom comparisons (linear and quadratic) were used to test treatment differences. Results of Exp. 1 and 2 and of Exp. 4 and 5 were pooled after tests for homogeneity of variances indicated that the error mean squares were similar (P> .i).
Results and Discussion
Combined results of Exp. 1 and 2 are presented in table 2. Excess supplemental choline from 0 to 2,000 ppm above that normally found in conventional corn-soybean meal diets did not affect (P>.I) rate or efficiency of gain in weanling swine. In Exp. 3 (table 2), 6,000 ppm excess choline reduced (P<.05) rate of gain compared with lower levels of excess choline. Efficiency of feed utilization, however, responded quadratically (P<.01) to the choline additions and was maximized by the two intermediate levels of excess choline. A response to supplemental choline would not be expected unless the basal diet were deficient in choline. This is extremely unlikely, however, since no such response was observed in the previous experiments. Thus, the efficiency response to supplemental choline in Exp. 3 remains unexplained.
The results of Exp. 4 and 5 are shown in table 3. Excess choline (2,000 ppm) reduced cumulative daily gain in both experiments; the effect was significant (P<.08), however, only in Exp. 4. In Exp. 5, excess choline reduced daily gain (P<.08) during the final 28 d of the experiment; daily gain (g) for the 0 and 2,000 ppm choline levels and the pooled SE were 874, 804 and 19 g, respectively. Efficiency of feed utilization was not affected (P>.IO) in either experiment during any growth period. The results of Exp. 4 and 5also are illustrated in figure 1. It is evident that 2,000 ppm excess choline reduced gain of pigs in both experiments, and that the reduction in gain was apparent shortly after the initiation of excess choline consumption. Since the design of Exp. 4 and 5 was similar, they were pooled for statistical analYsis. Combined analysis indicated that cumulative daily gain was reduced (P<.02) by excess choline, whereas efficiency of feed utilization was not affected (P>.10) by choline addition.
In Exp. 6 and 7 (table 4) , 2,000 ppm excess choline was fed only during the growing and finishing phases of production. Excess choline bData are means of four replicates of three pigs each; average initial weight was 10.6 kg. Experimental period was 28 d.
Cprovided choline chloride (50%). dCholine levels of O, 2,000 and 4,000 ppm different from 6,000 ppm (P<.05).
eCholine quadratic effect (P<.01). Cprovided by choline chloride (50%).
dCholine effect (P<.08).
eData for Exp. 4 and 5 were also pooled for statistical analysis. Pooled SE for combined gain and gain/feed data were 10 and .004, respectively. Choline effect for gain (P<.02). did not affect (P>.IO) rate or efficiency of gain in either experiment. This is in contrast to the results of Exp. 4 and 5, but it is probably attributable to the shorter duration of excess choline consumption.
SmaU excesses of dietary choline reduce pig gain when fed throughout the weanling, growing and finishing phases of production. The reduction in gain, however, may not attain statistical significance until the latter stages of the finishing period (figure 1). Pig age and(or) physiological state are probably not predisposing factors resulting in reduced gain. More likely, duration of excess choline consumption is responsible for the reduced rate of gain since growing-finishing pigs fed the same level of excess choline, but for a shorter length of time, show no reduction in performance (table 4) .
The reduction in gain due to excess dietary choline was commensurate with a reduction in feed intake, with no effect on efficiency of feed utilization. Nutrient toxicities generally cause a reduction in feed efficiency as a result of metabolic aberrations reducing nutrient utilization. Since this was not observed, 2,000 ppm excess choline would not be considered "toxic" in the classical sense.
The 2,000 ppm excess supplemental choline used in this investigation is higher than routine supplemental choline levels, which usually Cprovided by choline chloride (50%).
range from 200 to 1,000 ppm. Excess choline, however, should be avoided in swine diets if maximum gain and feed intake are to be achieved.
